A new out-of-band power suppression method for SC-OFDM is proposed in this paper. In the proposed method, phase continuity between SC-OFDM blocks is preserved by inserting one static "anchor symbol". As a result, out-of-band power emissions are reduced without BER performance degradation. Both simulation and experimental results indicate that reduction of out-of-band emissions up to 13dB can be achieved by using the proposed method. 
C-OFDM is an attractive block transmission method due to its low peak power and robust performance against multipath fading channels. Peak to average power ratio can be lowered by the use of DFT (Discrete Fourier Transform) as a precoder at the transmitter. Frequency selectivity in the channel can be mitigated with a frequency domain equalizer (FDE). Due to these advantages, SC-OFDM transmission has been adopted as a satellite transmission technique in Digital Video Broadcasting (DVB)-Next Generation Handheld (NGH) [1] .
Phase discontinuity between SC-OFDM blocks increases the out-of-band emissions. Techniques to lower out-of-band emissions for OFDM transmission have been proposed in [2, 3] . However, these techniques are applicable only to OFDM. Moreover, they are adaptive techniques and optimum parameters must be calculated for each block. Windowing techniques can be implemented to create phase continuity between blocks, but they reduce the effective length of CP (Cyclic Prefix) [4] .
Here we propose to use an "anchor symbol", which "anchors" phases of the first and last sample of each SC-OFDM block. The anchor symbol is inserted at a predetermined position to maintain phase continuity between blocks and to reduce out-of-band emissions. The proposed approach is static and does not depend on data symbols in an SC-OFDM block. Both simulation and experimental results indicate that out-of-band emission can be reduced up to 13dB using the proposed approach. This paper is organized as follows. The proposed technology is described in Section II. Simulation and experimental results are shown in Section III. Section IV concludes this paper.
II. Proposed SC-OFDM Transmission Schemes

A. Data-only SC-OFDM
The proposed frame structure and SC-OFDM transmitter are shown in Fig. 1 . As shown in Fig. 1 , the cyclic prefix (CP) is added to D N information symbols for the k
. The length of CP is defined as CP N and information symbols that correspond to CP can be written as 
Assuming N , 
vector. The output of the inverse discrete Fourier transform (IDFT) for the k th block, which contains A N symbols oversampled L times by zero-padding in the frequency domain (FD) can be written as
. For simplicity, a normalization constant is omitted from (1) . Note that when 0  CP N , phase continuity between SC-OFDM blocks can be preserved by setting the first information symbol in the k th block as an anchor symbol, In this subsection, the proposed scheme is modified for the pilot and data multiplexed "hybrid" SC-OFDM blocks [1] . A case that corresponds to 0  CP N is considered in this section. An arrangement of hybrid and data-only SC-OFDM blocks in a data frame is shown in Fig. 4 . Data and pilot multiplexed hybrid SC-OFDM signaling was proposed to improve channel estimation performance in time-varying fading channels [6] .
As shown in Fig. 4 , T N pilot symbols are placed in the frequency domain at indices 
and
Using the placement matrices (2) and (3), the non-oversampled output of the IDFT
can be expressed as 
As explained in [6] , the Zadoff-Chu sequence with phase rotation,
, can be used as a pilot sequence to minimize the peak to average power ratio (PAPR) of the hybrid SC-OFDM block.
In this paper, we assume
for the sake of simplicity. If we define a diagonal phase rotation matrix
the pilot symbols in the time domain can be expressed as
Defining DFT precoded information symbols with guard intervals,
, it can be shown that . To preserve phase continuity between SC-OFDM blocks, the first symbol at the output of IDFT must be the anchor symbol such that
The proposed hybrid SC-OFDM transmission scheme is shown in Fig. 5 . 
III. Simulation and Experimental Results
The power spectra of the proposed schemes are shown in Fig. 6 . Both simulated and experimental results are shown in the figure. In the experiment, signal bandwidth of 5MHz is assumed. Anritsu MG3700A vector signal generator and Anritsu MS2781B signal analyzer are used to generate waveforms and collect data, respectively. In the simulation, a data frame containing 64QAM symbols with the following parameters 512
is assumed. The number of data symbols is set as
for a data-only SC-OFDM block and hybrid SC-OFDM block, respectively. In the simulation, the spectra are estimated with the Welch's averaged periodogram method with a NL sample-Hann window [5] and 8 / NL overlap. As shown in the figure, the proposed scheme labeled "Proposed SC-OFDM" reduces the out-of-band emissions by almost 13dB. The spectrum of the proposed approach with an anchor symbol taken from the upper right hand quadrant of 64QAM constellation shown in Fig. 3 is labeled as "Proposed SC-OFDM sub" in the figure. Note that the loss of data rate due to insertion of the anchor symbol and anchor symbol taken from the upper right hand quadrant is In this document, a new out-of-band emission reduction method for SC-OFDM was introduced. In the proposed scheme, one fixed symbol was inserted in an SC-OFDM block to reduce the out-of-band power emissions. Both simulation and experimental results show that the proposed scheme reduces the out-of-band emission by nearly 13dB. The proposed scheme has no impact on both BER and INP performance of the SC-OFDM.
